A method for estimating the constitutive parameters of soil using a loop antenna is proposed. The method is based on comparing measured and numerically calculated input admittances for the loop.
INTRODUCTION

Measurement facilities for ground penetrating radar (GPR) antennas have been developed to perform tests in controlled environments [l], 121, [3].
In these facilities a probe antenna is buried in a box with soil and the GPR antenna under test is scanned over the surface of the soil. The field radiated by the GPR antenna is measured using the probe. Measurements are performed in the time domain using short impulses. As described in (41 it is necessary to know the planewave (PW) r e ceiving spectrum of the probe to obtain an accurate P W transmitting spectrum of the GPR antenna. The P W receiving spectrum is obtained through knowledge of the current distribution on the probe. The current distribution depends on the constitutive parameters (CP's) of the soil in the vicinity of the probe. The CP's comprise the permittivity E, permeability p, and conductivity U,.
The permittivity is written as (1)
where E' and E" are real and positive quantities (the time factor gW' is used). It is assumed that the conductivity U,, the dielectric losses E" and the real part of the permittivity E' are independent of the frequency and that the permeability p is equal to the vacuum permeability po. It is desirable that the probe itself is used for an estimation of the CP's of the soil. In this 
THE LOOP AND THE THEORETICAL MODEL
The loop antenna used for measurements is constructed in the same way as described in 
where the effective conductivity is defined as U.f/ = WE" + U<.
(3)
The parameters in the model for the physical antenna are therefore the differences AG, AC, and the CP's e', E", and ue. These parameters can be estimated by minimi ing an error function.
The input admittance YM,M(w, E', a./,) is found using method of moments for a relative permittivity E: = 8 over a range of frequencies from loMHz to 6GHz and a range of conductivities from 0 to lS/m. As shown in the next section, input admittances for other permittivities E' can be found by an appropriate scaling.
DETERMINING INPUT ADMITTANCES OF THE PEC LOOP FOR OTHER CP'S
In this section it will be shown how the input admittance YM.M for the PEC loop can be determined for other frequencies and CP's than those calculated in the 
COMPARING MEASURED AND THEORETI-CAL ADMITTANCES
The network analyzer is calibrated such that the reference plane of the measured S-parameter SII,~,, is located at the input port of the loop antenna. The S-parameter &1,, at the excitation cut can be found as
Sii.o(w,E',beff,At) = S I~, , , ( W , E ' ,~~~~)~~~* , (10)
where At is twice the distance in time between the connector and the cut. The input admittance of the loop can be found as where YO is the characteristic admittance of the semirigid cable. To determine the unknown parameters E', E", ue, AG, and At we define the error function as It is assumed that the permittivity E' and conductivity ueff correspond to the CP's of the soil in vicinity of the loop antenna when the error function <(E', U=,/, AG, At) is " i z e d .
FINDING THE TIME DELAY
The time delay At is estimated using a measurement in air. The CP's are known in air and it is therefore only necessary to estimate the ditferences AC and AG b e sides the time delay A t , see Table 1 . The loop antenna is kept at a distance of 30cm from other objects during the measurement in air. The error function q is plotted as a function of At in Figure 6 for AC = 0.234pF
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Conductivity u e f f and AG = 0.27mS. It is seen that the global minimum is well-defined. In Figure 7 
